Abstract. We estimated survival of Cassin's Auklet (Ptychoramphus aleuticus) and Rhinoceros Auklet (Cerorhinca monocerata) from recapture rates during 1994-1997. For both species, a two ''age''-class model provided the best fit. Estimates of local adult survival were significantly lower for Cassin's Auklet (0.672 Ϯ 0.047) than for Rhinoceros Auklet (0.829 Ϯ 0.095). Our estimate of survival appears lower than that required for the maintenance of a stable population of Cassin's Auklets. The available information indicates that a low survival rate and a declining population at Triangle Island are plausible, particularly given the recent large scale oceanographic changes which have occurred in the North Pacific Ocean. Nevertheless, additional mark-recapture data and indexes of population size are required to rigorously demonstrate population declines at the world's largest Cassin's Auklet colony.
INTRODUCTION
Estimates of adult annual survival for North Pacific seabirds are rare but fundamental to demographic investigations needed for sound conservation and management decisions. We initiated a long-term mark and recapture study of Cassin's Auklets (Ptychoramphus aleuticus) and Rhinoceros Auklets (Cerorhinca monocerata) at Triangle Island, British Columbia in 1994. These two species are representative of some of the variation in auk ecology because of their different body size (ca. 190 g versus ca. 500 g, respectively) and foraging ecology (planktivore versus piscivore). Triangle Island is the site of the largest and most diverse seabird colony in British Columbia and has large colonies of both 1 Received 2 November 1998. Accepted 19 October 1999.
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Cassin's Auklets and Rhinoceros Auklets. The breeding population of Cassin's Auklet at Triangle Island was estimated as 547,637 pairs in 1989 (Rodway 1991) , comprising the largest known colony of this species. The breeding population of Rhinoceros Auklet was estimated as 41,682 pairs in 1989 (Rodway 1991) , making Triangle Island the third largest colony of this species in British Columbia.
Our main objective here is to report the first estimates of local survival on Triangle Island. We also tested for differences between netting sites because the locations have different mixtures of the two species and hence varying potential for interspecific nest site competition (Vermeer et al. 1979 , Wallace et al. 1992 . The study was not confined to breeding birds but rather included all birds captured at our netting sites. Therefore, we also address the issue of estimating survival in the presence of transient birds. 
METHODS STUDY AREA
We conducted fieldwork at three study plots on the south and southwest sides of Triangle Island, British Columbia, Canada (50Њ52ЈN, 129Њ05ЈW; Fig. 1 ). The plot at West Bay (1) was located in an area densely occupied by Cassin's Auklets only, the South Bay plot (2) was located just below the center of Rhinoceros Auklet's main colony (high density Rhinoceros Auklets, low density Cassin's Auklets), and the Calamity Cove plot (3) was located in an area of moderate density of both auklet species (Fig. 1 ).
Cassin's and Rhinoceros Auklets were trapped using soft plastic ''pheasant'' nets erected vertically on guyed polyvinyl chloride plastic poles at the base of nesting slopes on the three plots. The net sizes were approximately 15 m ϫ 3 m in West Bay and 20 m ϫ 3 m in both South Bay and Calamity Cove. To minimize disturbance to the study populations, we trapped birds as they departed from the colony during the early morning hours (02:00 to 05:30) after most arrivals had ceased. The nets were usually taken down before first light because we were holding as many birds as could be processed before dawn.
For safety reasons, we did not band in rain. Under strong winds the nets would bend, so we did not trap under those conditions. For Cassin's Auklet only, we gauged the ages and breeding status of birds by scoring the iris color type as white, offwhite, light brown, or brown, based upon minor modifications of the technique of Manuwal (1978) . Eye color of Cassin's Auklet becomes lighter as the birds age and mature (Emslie et al. 1990 ). In our study, eye colors other than white proved to be difficult to score reliably, and preliminary analyses suggested that eye color is an imprecise proxy for true age. Note that breeding propensity (and hence recapture rates) of young birds are likely to be lower than for older birds. We restricted our analyses to white eyed birds (65% of our sample) because this treatment of the data had the least potential for results to be confounded by age effects.
SURVIVAL ESTIMATION
Local adult annual survival () and recapture (p) rates were estimated using methods described in Lebreton et al. (1992) and Burnham and Anderson (1998) . We used program MARK (White and Burnham 1999) to model local survival and recapture rates.
Following Burnham and Anderson (1998) , we first defined a candidate model set, which included a fully parameterized global model. Because our analyses were restricted to birds marked as adults, true age effects are unlikely. However, heterogeneity in capture can lead to apparent differences in survival estimated over the first interval after marking relative to survival estimated over subsequent intervals. To accommodate possible effects of heterogeneity in capture rates among marked individuals, the global model was structured to allow survival during the first year after marking (first ''age'') to differ from survival estimated over subsequent years (2 ϩ ''age''). Structurally, this is analogous to age-differences in survival (''age'' models, sensu Lebreton et al. 1992 ). For our global survival model, we used a two ''age''-class model with site ϫ time-dependence in the first year after marking, and constant site-specific survival after the second year following marking { a2 g*t/g }. We did not incorporate timedependence into the second ''age''-class in order to improve the precision of the estimate because the final estimates for both ''age'' classes are not separately identifiable. Because birds were banded as unknown aged adults, we did not incorporate age-structure into the recapture parameter in the global model, but allowed for site-specific differences {p g*t }. The goodness-of-fit (GOF) of the global model to the data was determined using a parametric bootstrap approach (described below). The candidate model set included the global model and all possible reduced parameter models derived from the global model. The final candidate model set included a total of 24 models. Model notation followed Lebreton et al. (1992) . The factorial structure of the model is represented by subscripting the primary parameters and p using ''a'' for putative ''age'' effects, t for time effects, and g for group sampling region or species differences. Relationships among factors were indicated using standard linear models notation.
Following Lebreton et al. (1992) and Burnham and Anderson (1998) , model selection was based on comparison of the quasi Akaike Information Criterion (QAIC c ):
where L is the model likelihood, np is the number of estimable parameters, n ess is the effective population size, and ĉ is quasi-likelihood adjustment for overdispersion in the data. The model likelihoods, number of estimable parameters, and the effective population size are estimated directly by the program MARK. The quasi-likelihood parameter was estimated using the mean of simulated values of ĉ from the bootstrap GOF testing 1,000 bootstrap samples (see above). Individual ĉ values for each bootstrapped sample were derived by dividing the bootstrapped model GOF 2 by the model degrees of freedom. ĉ is asymptotically 1.0 if the model fits the data perfectly. The model with the lowest QAIC c is accepted as the most parsimonious model for the data. Comparisons among models in the candidate set were accomplished by deriving an index of relative plausibility, using normalized Akaike weights (Burnham and Anderson 1998) . Individual model Akaike weights w i were calculated as:
where ⌬QAIC c is the absolute numerical difference in QAIC c between a given model and the model in the candidate model set with the lowest QAIC c . The ratio of w i between any two models indicates the relative degree to which a particular model is better supported by the data than the other model. To account for uncertainty in model selection (Burnham and Anderson 1998) , we report parameter estimates and associated standard errors derived by averaging over all models in the candidate model set, weighted by Akaike model weights sensu Buckland et al. (1997) :
where w i reflects the Akaike weight for model i.
RESULTS

BANDING SUMMARY
Netting effort for Rhinoceros Auklet varied between years (1994: 54 hr; 1995: 81 hr; 1996: 47 hr; 1997: 77 hr) and was lowest in 1996, particularly at Calamity Cove, due to constraints imposed by weather. In 1994, five Rhinoceros Auklets which had been banded previously on Triangle Island (three in 1984, one in 1986, one in 1989) were recaptured. In 1995 there was a recapture of a bird banded on Triangle Island in 1984 which makes it the oldest banded bird on record at 11ϩ years. In our study, no Rhinoceros Auklets were recaptured at locations different from the site of original banding. For Cassin's Auklet, netting effort also was lowest in 1996 (1994: 63 hr; 1995: 91 hr; 1996: 50 hr; 1997: 112 hr) . Two birds were recaptured at locations different from the site of original banding. One bird, originally banded in 1994 at West Bay North on 18 June was recaptured again in 1994 at Calamity Cove on 25 June. The other, originally banded in 1997 in West Bay was recaptured incidentally at the cabin (Fig. 1 ) in 1997.
SURVIVAL ANALYSIS
Rhinoceros Auklet. Because Ͼ99% of all the captures of Rhinoceros Auklets on Triangle Island occurred at Calamity Cove and South Bay, we restricted our analyses to these two sites. From 1994-1996, a total of 843 individual adults were marked and released at these two sites, of which 449 were recaptured at least once (254 ϩ 156 ϭ 410) . Annual values are the number from a given release cohort first captured in that year (including newly and previously marked individuals). r i is the total number of individuals from a release cohort captured at least once. m j is the total number of recaptures in a given year. (Table 1 ). The data satisfactorily fit the two ''age''-class global model { a2 g*t/g p g*t } (P Ͼ 0.5), with no indication of significant extra-binomial variation in the data (ĉ ϭ 1.039 Ϯ 0.039; mean Ϯ SE). The most parsimonious model in the candidate model set was a model where the survival rates varied with time from 1994-1996 during the interval between the year of marking and the next year (the first ''age''-class), with no differences between sites (model { a2 t/. p g*t }; Table 2 ). Parameter estimates for this ''age''-class (averaged over all models in the candidate model set to account for uncertainty in model selectionsee Methods) declined monotonically over time at both Calamity Cove (1994: 0.655 Ϯ 0.044; 1995: 0.375 Ϯ 0.053; 1996: 0.194 Ϯ 0.071) and South Bay (1994: 0.651 Ϯ 0.043; 1995: 0.383 Ϯ 0.054; 1996: 0.195 Ϯ 0.070) . Adult survival 2ϩ years after marking was not different between the two sites (Calamity Cove: 0.844 Ϯ 0.098; South Bay: 0.825 Ϯ 0.090; pooled: 0.829 Ϯ 0.095). This model was over twice as well supported by the data than a model for which adult survival differed between sites (0.498/ 0.208 ϭ 2.4). In contrast, there was significant heterogeneity in recapture rate among years and sites, ranging from 0.26 to 0.53. However, this was due entirely to the low recapture rate estimated for Calamity Cove in 1996, which had the lowest total number of netting hours (32 hr in 1994; 39 hr in 1995; 21 hr in 1996; 46 hr in 1997) and the lowest total number of captures. In general, there was a 40-45% chance of recapturing an individual Rhinoceros Auklet conditional on it being alive and in the sampling area.
Cassin's Auklet. Because Ͼ94% of all the captures of Cassin's Auklets on Triangle Island occurred at Calamity Cove and West Bay, we restricted our analyses to these two sites. From 1994-1996, a total of 1,866 individuals were marked and released at these two sites, of which 772 were recaptured at least once (Table 1) . As with the data for Rhinoceros Auklets, the data satisfactorily fit the two ''age''-class global model (P Ͼ 0.19), with no evidence of significant extra-binomial variation in the data (ĉ ϭ 1.023 Ϯ 0.034).
The most parsimonious model (model { a2 g*t/ . p g*t }; Table 3 ) was a model where the adult survival rates varied with (1) time during the year between the year of marking and the next year (the first ''age''-class), and (2) banding location. Similar to our results for Rhinoceros Auklets, survival of Cassin's Auklets the year , and also over twice as well-supported as a model for which time-dependent survival in the year after marking did not vary between banding locations (0.398/ 0.179 ϭ 2.2). As with Rhinoceros Auklets, there was significant heterogeneity in recapture rate among years and sites, which ranged from 0.5 to 0.7.
INTERSPECIFIC COMPARISON
To compare the two species, we fit model { a2 g*t/g p g*t }, treating each species as a separate group effect. We used the Rhinoceros Auklet and Cassin's Auklet data from Calamity Cove. Calamity Cove was the only site from which representative samples of both species were available, and for which data for both species was adequately fit by the starting model (P Ͼ 0.51), with marginally significant extra-binomial variation (ĉ ϭ 1.117 Ϯ 0.036). A model where survival 2ϩ years after marking was allowed to differ between species (i.e., between groups) was almost three times as well supported than a model where survival 2ϩ years after marking was held constant between species (Table 4 ; 0.59/0.21 ϭ 2.8). Survival at Calamity Cove for Rhinoceros Auklets 2ϩ years after marking was estimated at 0.846 Ϯ 0.110, whereas survival for Cassin's Auklets was 0.685 Ϯ 0.074.
DISCUSSION
Our study revealed local adult survival values which were considerably lower (particularly for Cassin's Auklets) than previous estimates for many other seabird populations. Most auk species for which estimates have been made have survival rates in excess of 85% (Gaston and Jones 1998) . The low adult survival estimate for Cassin's Auklet (0.67) is consistent with a possible decline in population size at the world's largest colony on Triangle Island based upon independent burrow monitoring, evidence of poor reproductive performance in recent years concurrent with our survival study, and long term declines in the California Current zooplankton and seabird populations. The breeding population was estimated in 1989 using labor-intensive transect methods but has not been resurveyed (Rodway 1991) . However, independent evidence for a recent population decline is available from inspections of permanent monitoring plots in the colony. The total number of active burrows in 11 permanent monitoring plots declined from 2,289 in 1989 to 2,055 in 1994 (2% year Ϫ1 ), immediately prior to our survival study (M. Lemon, unpubl. data), a significant decrease based on within-plot differences (t 10 ϭ 2.4, P ϭ 0.04). A 65% decline of the Cassin's Auklet population on the Farallon Islands from 1972-1997 has been linked with an adult annual survival rate (Ϯ SE) of approximately 70 Ϯ 2% for birds breeding in artificial nestboxes (Nur et al. 1998) . The decline in the Farallon population of Cassin's Auklet has been linked (Ainley et al. 1996) to a significant long term decline in zooplankton production in the California Current system (Roemmich and McGowan 1995) which has affected the abundance of other seabird populations (Viet et al. 1996) . In British Columbia, earlier zooplankton availability (Mackas et al. 1998 ) and low levels of nutrients in surface waters (Whitney et al. 1998) in the 1990s are likely related to recent poor reproductive performance for Cassin's Auklet on Triangle Island (pers. observ.). The extent of recent large scale oceanographic changes and their effects on auklet populations thus deserves further study. Note that at more northern locations there is no evidence of population change or recent reproductive failure for Cassin's Auklet populations. In northern British Columbia, Gaston (1992) reported local adult survival for year 2ϩ as 0.88 (95% confidence interval 0.73-0.95) for breeding Cassin's Auklet from a small but stable colony (1,700 pairs) at Reef Island. In addition, Cassin's Auklet reproductive performance on Frederick Island in northern British Columbia has been consistently better than at Triangle Island in recent years (1994 A. Harfenist, pers. comm.) .
Our survival estimate for the Rhinoceros Auklet is the first for the species. The value appears low compared to all available estimates for Atlantic Puffins (Fratercula arctica; Hudson 1985 , Harris et al. 1997 which have a similar body mass and feeding ecology to the Rhinoceros Auklet. There is, however, no independent evidence for a population decline on Triangle Island. Surveys of five permanent monitoring plots, which were intact before our survival study began, could not detect a significant trend in the number of active burrows in 1984 (494), 1989 (589), and 1994 M. Lemon, unpubl. data) . Furthermore, Rodway et al. (1992) suggested that the extent of the colony expanded on Triangle Island between 1984 and 1989.
Additional factors which could contribute to the observed survival values include possible emigration, colony attendance patterns, and age structure effects, but a thorough evaluation of these variables must await a longer time series.
For both species there was a tendency for survival rate the year following marking to decline over the years of our study. The decline might reflect a true decrease in survival the year following marking. This might be reasonable if human activity behind the netting areas has increased systematically since 1994, but activity levels have been similar between 1996 and 1997. We therefore think this explanation is unlikely, and argue instead that the decline reflects an artifact of the sampling design in our study. We suggest that the decline may reflect an interannual decline in the proportion of transients in our sample of banded birds. Assume that the population has a constant ratio of residents to transients and that both groups are captured in proportion to their overall frequency in the population. In the first year of captures, the ratio of resident to transients will be maximal. With each additional year, as the proportion of banded birds in the sample increases, the proportion of residents to transients is likely to decline at some rate and hence the apparent survival will also decline, as we observed (Appendix).
In conclusion, our intensive study provides first estimates of local survival for Cassin's Auklet from their largest colony, and the first survival estimate for the Rhinoceros Auklet. For both species, the survival estimates were lower than most estimates for auk species. For Cassin's Auklet, the low survival rates are consistent with a current population decline as has been observed on the Farallon Islands (Nur et al. 1998 ), but additional data are required to validate the suspected trend on Triangle Island. The possibility of a population decline is compelling particularly in light of the recent large-scale oceanographic changes in the northeast Pacific and its documented effects on marine trophic webs (Roemmich and McGowan 1995, Mackas et al. 1998) . As the mark-recapture program continues, the local survival estimates will become more robust and comparisons of interannual variability will be facilitated. We plan to examine the relationship between variation in prey availability and breeding propensity to investigate the effects of breeding avoidance on the magnitude of estimates of survival. By coupling the survival estimates with regularly obtained indexes of population size (Rodway et al. 1992 , Bertram et al. 1999 , with a program which examines variation in reproductive success, we will be able to quantify population trends and their causes and thus make robust predictions about the future status of the populations.
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